Spinnability has been measured for extract from root of Abelmoschus Manihot and for aqueous solutions of sodium alginate, poly(ethylene oxide) (PEO), and sodium carboxymethylcellulose (NaCMC). The maximum thread length, in other words, drawing length increased linearly with a raising velocity, that is to say, drawing velocity of a rod for extract from root of Abelmoschus Manihot and for aqueous solutions of sodium alginate and PEO. The constancy of the drawing length against drawing velocity was obtained for aqueous solutions of sodium alginate and NaCMC. Such difference in spinnability was discussed in connection with junction formation among polymers in aqueous medium.
Extract from the root of Abelmoschus Manihot is used to disperse paper fibers on account of its high viscosity, when Japanese paper is manufactured. The main composition of the root of Abelmoschus Manihot is a polysaccharide with molecular weight of (1-2) x 105, which is composed ofrhammnose and galacturonate. 1 The extract exhibits remarkable viscoelasticity, indicating junction formation among polysaccharide chains.
Aqueous solutions of sodium alginate, PEO, and NaCMC are also very viscous and can be used to disperse fibers in paper manufacture. Sodium alginate, a major component of brown seaweed, is a linear copolymer of IX-Lguluronate and fJ-D-mannuronate in block and heterogeneous sequences. 2 -4 In an aqueous solution of sodium alginate, the intermolecular linkages mediated by cations are formed. s . 6 Chains of PEO, a simple and homogeneous polymer, are in the helical form and interact with each other through hydrogen bonding in an aqueous solution. 7 -10 Moderately substituted molecules of NaCMC in a relatively
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Polym. J., Vol. 22, No. 4, 1990 concentrated solution are jointed by noncovalent linkages, resulting in bundles of chains. 11 The junction formation in polymer solutions described above should be related to their viscoelastic properties. Spinnability, which is a phenomenon of viscoelasticity, was therefore investigated for aqueous polymer solutions in this paper. Although the spinnability for aqueous solutions of polymeric materials has been reported by some workers, 12 -14 we can distinguish the spinnability of polymer solutions as two types, corresponding to different modes, which has recently been carried out for aqueous surfactant solutions. 1 5 We also discuss two types of spinnability in relation to the conformation of polymers in water.
EXPERIMENTAL
Extract from the root of Abelmoschus Manihot was kindly provided by Paper Art of Obara, Aichi. Sodium alginate and PEO (molecular weight:c::: 2 X 10 4 ) were purchased from Scientific Polymer Products, Inc., New York. NaCMC (degree of polymerizationc:::: 1050) was purchased from Tokyo Kasei Co., Inc., Tokyo. All samples were used without any purification. Sodium alginate and NaCMC were dissolved in water at ca. 60°C.
The apparatus for spinnability measurement was constructed, according as previously reported. 12 The details are described in elsewhere. 15 A stainless steel rod of 5 mm in diameter immersed in a test solution is driven up at a constant rate by motor and pulley. As the rod is pulled up from the solution, a liquid is stretched to form a thread. The thread is broken off when the rod reaches a certain height. This height, drawing length, is measured as the spinnability.
Since the spinnability at a given raising velocity, that is, drawing velocity, v, changes linearly with the immersed depth of a rod, the intrinsic drawing length, L o , extrapolated to zero immersed depth is presented henceforth.
RESULTS
The relations between the intrinsic drawing length and drawing velocity of a rod are represented in Figure 1 
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Abelmoschus Manihot of 0.053 wt% (g/100 g solution) increased linearly with the drawing velocity. The slope expressed by I1L o /l1v characterizes this type of spinnability. The spinnability which exhibits such relation between Lo and v is classified as type D. 15 In the type D spinnability, the liquid thread becomes thin with drawing till broken. This spinnability is therefore considered to be a ductile-like failure which is characteristic of viscoelastic solutions with low viscosity. 16 The plots of I1L o /l1v against concentration, c, are given in Figure 2 for the extract from the root of Abelmoschus Manihot at different temperatures. The I1L o /l1v values increased with increasing concentration. At low concentrations, the I1L o /l1v values exhibited a slight temperature dependence, whereas they increased with lowering temperature at high concentrations.
Linear plots between the intrinsic drawing length and the drawing velocity were also observed for aqueous solutions of sodium alginate at low concentrations and ofPEO. For these solutions, the I1L o /l1v values increased with their concentrations and with lowering temperature, as seen in Figure 3 , as well as the extract from root of Abelmoschus Manihot. For aqueous solutions of sodium alginate at Polym. J., Vol. 22, No. 4, 1990 high concentrations and of NaCMC, however, the intrinsic drawing length was approximately independent of drawing velocity, as illustrated in Figure 1 for aqueous solution of NaCMC of 2.5 wt% at 15°C. Then the intrinsic drawing length measured at fast drawing, Lo,c, can be defined. This type of spinnability is called type C. 15 The liquid thread in type C spinnability is almost constant in its thickness during the drawing and snaps at a position near the rod. The type C spinnability which resembles a rubber elasticity or a gel elasticity can be regarded as cohesive-like fracture. 16 The plots of Lo,c vs. concentration are given in Figure 4 . For aqueous solutions of sodium alginate and NaCMC, the Lo,c values decreased with lllcreasing concentration and with cooling.
DISCUSSION
Extensive measurement for the spinnability of aqueous polymer solutions was performed by Erbring. 12 He found that the spinnability did not depend simply on the viscosity of liquid and that the surface tension did not affect the spinnability, whereas non-Newtonian viscosity or viscoelasticity was closely related to the spinnability. Nakagawa 14 examined type D spinnability of rubber in xylene solution and suggested that the spinnability was an elastic deformation superposed on a viscous flow. The thread was broken when deformation rate coincided with the inverse of the mechanical relaxation time of liquid in a Maxwell body.
The I1Lo/l1v value in type D spinnability, which is the reciprocal deformation rate of thread when the thread is broken, corresponds to the relaxation time. It is possible to interpret from the stress relaxation experiment 17 that the relaxation time of aqueous PEO solution increased with its concentration. This is consistent with the finding that the I1L o /l1v values for aqueous PEO solution increase with the concentration.
The above description can be considered on the basis of pseudo-network theory which has been proposed for polymer solutions. 18 According to the theory, the elongational viscosity increases steeply with increasing elongational velocity. If the tension of thread is uniform along its length, minute shortening of the diameter of the thread by fluctuation strengthens largely the stress so that the local elongational velocity is suppressed. Thus further decrease in diameter is restrained, and the thread in type D spinnability is stabilized.
The liquid thread in type C spinnability is broken when the adhesion force of thread to a rod is overcome by the tension of the thread that is determined by the modulus and strain. Then the L o . c value in type C spinnability may reflect the modulus of the solution. It is, therefore, expected that the Lo,c values decrease as the modulus increases. The Lo,c values for aqueous solutions of sodium alginate at high concentrations and of NaCMC decrease with concentration. This result represents that the modulus of these polymer solutions increases with concentration. The rheology of NaCMC has been studied extensively,19-21 and Lindbery et a/. 20 and Thurston and Martin 21 found that the dynamic modulus increased with increasing concentration. Their reports support the explanation described above.
Many investigations for the viscoelasticity of aqueous polymer solutions suggest that intermolecular interactions participate in viscoelastic properties of polymer solutions. The Na + -induced intermolecular association was proposed for sodium alginate in water. 6 Less charged parts ofNaCMC chains aggregate and make bundles, while considerably charged free parts of chains spread out; some NaCMC chains extend through bundles. 11 Molecules of PEO and NaCMC are strongly hydrated in aqueous solutions. 7 ,8,22 Hydration may be involved in the intermolecular interaction through hydrogen bonding between polymer molecule and water. These intermolecular interactions can make higher-order structures and participate not only in viscous property 334 but also in elastic response of polymer solutions. For example, some polyelectrolytes were observed to form a complex, aggregate, and network. 23 -25 With increasing concentration, polyanions tend to take a shrunk configuration and to promote the intermolecular association between them. 19 Therefore, viscoelastic properties of such polymer solutions may change considerably with concentration, so that the relaxation time lengthens and the modulus nses.
The difference between types C and D spinnability may depend on life time, amount and strength of junctions among polymers, on the concentration of free and interacting polymer chains and on the dimension of linked aggregate. If linkages are few or weak, the type D spinnability should appear, because the solution is easy to'deform and flow. The stress necessary for type C spinnability was then dissipated. The rheological properties of the solutions corresponded to these of ordinary polymer solutions. On the other hand, when most of the polymers interacted strongly and very large linked aggregates were formed, the type C spinnability should be superior, since a higher-order structure brought forth elastic response and flowing of the solution was difficult. The stress resulting in type C spinnability is thus maintained.
CONCLUSIONS
It is concluded that the spinnability of aqueous polymer solutions can be classified into two types, based on the dependence on drawing velocity. The I1L o /l1v value in type D spinnability is connected with the relaxation time of a solution which increases with concentration. On the other hand, the Lo,c value in type C spinnability reflects the elastic modulus of a solution. It decreases with an increase in modulus which increases with concentration. The spinnability may be related to junction formation among polymers. The type D spinnability appears in a solution with few or weak junction linkages among polymers, while the type C spinnability is superior in strongly interacting polymer solutions.
